Brazil is one of the largest pesticide consumers in the world, mainly due to its intense agricultural activity. The State of Goias, situated in Central Brazil, is a region recognized as an essential producer of soy, corn, beans, sorghum, sugar cane, and cotton. In this study, we evaluated 602 unrelated individuals, distributed in central and southern regions in Goias, presenting combined frequencies (haplotypes) of the GSTT1 and GSTM1 genes. In all municipalities, the frequency of the GSTT1 null genotype was 38.2% and of the GSTM1 null genotype was 50.3%. Goiania, the capital of Goias, presented the highest frequencies of GSTT1 and GSTM1 null genotypes, probably due to a founder effect of non-representative colonizing ancestors. So, the ancestral population adapted to the environment, with the frequencies observed in Goiania. However, nowadays, as there is excessive use of pesticides, the community becomes susceptible to the harmful effects of xenobiotics exposure, mainly due to the high frequency of GSTT1 and GSTM1 null genotypes. As in Goias, the consumption of pesticides has shown considerable growth, haplotypes with null alleles are of high risk for the population. Our results indicated that it is essential to understand the frequencies of the GSTT1 and GSTM1 genes for the monitoring of risk groups, like farmers, who have contact with pesticides, directly or indirectly, as well as assisting in the development of preventive medicine practices.
Introduction
Brazil has been the largest consumer of pesticides in the world due to intense agricultural activity and government incentives (Abreu e Alonzo, 2014) . Also, until October 2019, the Brazilian government authorized the commercialization of 382 pesticides, many of them banned in other parts of the world, making Brazil one of the countries that uses these products most, increasing the risk to human, animal and environmental health (Minist erio da Agricultura, 2019).
The State of Goias is in Central Brazil and is one of the largest producers of corn, beans, cotton, sorghum, sugarcane, and soybeans in the country, with 75% of its exports composed of agricultural products (Instituto Mauro Borges, 2018) . This vast production led to the use of 43, 466.3 tons of active pesticide ingredients in 2017. Among the 10 (ten) most used in Goias are: glyphosate (15,486 tons of active ingredient
[AI]); 2,4-D (4,026 tons AI); acephate (2,374 tons AI); mineral oil (1,949 tons AI); atrazine (1,919 tons of AI); mancozeb (1,797 tons of AI); cypermethrin (771 tons of AI); paraquat dichloride (718 tons of AI) and carbendazim (606 tons of AI) (IBAMA, 2019) . In this case, Goias became the fourth-highest Brazilian state in commercialized pesticide use (Instituto Mauro Borges, 2018) .
In this context, the use of pesticides has intensified, and there is an increase in inadequate handling and excessive use. These situations lead to the presence of pesticides in ponds, rivers, and many other water sources, polluting the environment and damaging both fauna and humans, mainly due to bioaccumulation in food chains (Souza et al., 2011) . This may cause respiratory diseases (Ye et al., 2013) , non--Hodgkin's lymphoma (Schinasi and Leon, 2014) , lung cancer (Bonner et al., 2016) , changes in reproductive hormones (Miranda-Contreras et al., 2013 ), Parkinson's disease (Panov et al., 2002) , and Alzheimer's disease (Richardson et al., 2014) .
In 2015, it was underreported that there were 31,900 cases of poisoning by pesticides in Goi as, according to the Minister of Health (Minist erio da Saúde, 2016) . In 2018, there were 12.74 incidences of poisoning notifications in every 100,000 inhabitants, while Brazil reported only 6.24 (Minist erio da Saúde, 2018) .
Pesticides are xenobiotics metabolized in two phases in the liver (Coles and Kadlubar, 2003) . The superfamily Glutathione S-transferase (GST) is involved in the conjugation phase, making the compounds less toxic and protecting the cell against oxidative damage and electrolyte substrates (Da Fonseca et al., 2010) . The subclasses of the GST superfamily studied most in mammals are the Mu (μ), Pi (п), and Theta genes. The gene GSTM1 (μ) is 4.2 kb, consisting of eight exons and is located on chromosome 1p13.3, with four known alleles. The most frequent is the wild-type allele, and the second one is the null allele characterized by a structural deletion of a region of the gene that causes the loss of the function of the enzyme (θ) (Rodríguez et al., 2014; Strange et al., 2001) .
The gene GSTT1 (θ) is located on chromosome 22p11.2, is composed of six exons, and is flanked by two homologous regions HA3 and HA5. This gene has two alleles known as the most frequent allele (wild) and the null allele. This polymorphism occurs due to the recombination of the homologous regions HA3 and HA5, resulting in the deletion of 5.4 kb and, as a consequence, the loss of function of the enzyme (Rodríguez et al., 2014; Webb et al., 1996) .
In this context, individuals with null GSTM1 genotypes are associated with an increased risk for the development of a variety of diseases, such as arteriosclerosis, Parkinson's disease, and various types of cancer, whereas the null GSTT1 genotype is associated with the colorectal and central nervous systems (Strange et al., 2001; Wahner et al., 2007; Wang et al., 2010) .
Thus, the knowledge of the distribution of GSTM1 and GSTT1 polymorphisms in an agricultural population, such as that of Goias, may assist in understanding the frequency of diseases related to poisoning by pesticides or other xenobiotic agents. As Goias is a famous agricultural region, the study of these genes in municipalities of Central Brazil is significant. Therefore, it could be possible to associate the exposure to pesticides, with the null genotypes of GSTT1 and GSTM1, considered to be at risk for the development of chronic diseases, such as cancer.
Material and methods

Sample group
This research was approved by the Research Ethics Committee of the Pontifical Catholic University of Goi as, under the protocol number 1978/ 2011. To determine the power of our sample group, we used the following formula: 
DNA extraction and samples quantification
We sampled 10 ml of whole blood, stored on ice, and immediately sent it to the Mutagenesis Laboratory at the Federal University of Goias. Genomic DNA samples were obtained from peripheral blood lymphocytes using the Illustra Genomic Blood MS ® (GE, USA) extraction kit, according to the manufacturer's protocol. DNA samples were then quantified using the NanoVue Plus TM (GE, USA) equipment, following the manufacturer's recommendations. After quantification, DNA samples were diluted to a final concentration of 10 ng/μL. The samples were then stored in a freezer at -20 C, until use.
Real-time PCR
We performed the analyses of GSTM1 and GSTT1 genes deletion using the real-time polymerase chain reaction (PCR), with SYBR ® Green PCR Master Mix (Applied Biosystems ® , USA), and we also evaluated the coamplification of the gene RH92600 as an internal control. Marin et al. (2010) previously suggested the primers and the PCR cycling conditions.
For the PCR reaction, the final volume of 25 μL containing 12.5 μL of master mix, 0.5 μL of magnesium chloride (MgCl2), 2.4 μL of forward and reverse primers of the GSTT1 gene, 3.2 μL of forward and reverse primers of the GSTM1 gene, 4μL of forward and reverse primers of the RH92600 gene, and 1μL of DNA at 10 ng/μL. We used the Step One Plus thermal cycler Real-Time PCR Systems (Applied Biosystems ® , USA).
Statistical analysis
The sociodemographic characterization data of the sample group was stored in an Excel 2013 worksheet (Microsoft ® ), along with the data of the polymorphisms, for further evaluation of Statistica 7 software (StartSoft Inc). We estimated frequencies, genotypes, and haplotypes by direct counting. Differences in allele frequencies of GSTT1 and GSTM1 polymorphisms were calculated using the X 2 test, with a 95% confidence interval (p < 0.05).
Results
All 602 individuals are born and raised in Goi as. 68.6% are males, and 31.4% are females. The sample group presented a mean age of 38 years AE 13.5 for males and 36 years AE 12.3 for females. We also verified that 51% of males consume alcohol; in contrast, 66.1% of females do not drink alcohol. Finally, 13.6% and 10.6, men and women, respectively, were smokers ( Table 1) .
The frequency of the GSTT1 null genotype was 38.2%, and for the municipalities with more than 20 individuals sampled (Table 2) , it can be seen in Fig. 1A . Therefore, the frequency of the GSTM1 null genotype for Table 1 Social habits of the sample group distributed by sex.
Men (413) Women (189) Total (602) Age ( Goias was 50.3%, and for the municipalities with more than 20 individuals sampled are in Fig. 1B . Finally, the frequencies of GSTT1 and GSTM1 null genotypes (-/-) was 27.24%, À/þ 11%, þ/-23% and þ/þ 39% for Goias (Fig. 1C) . Fig. 2 illustrated the haplotypes frequencies in municipalities with more than 20 individuals sampled. The frequencies for the null GSTT1 were 43.2% (207) in the central region and 18.7% (23) in the south region, and for the null GSTM1 we found frequencies of 54% (259) in the central region and 35.8% (44) in the south region. The distribution of GSTT1 and GSTM1 haplotypes by region was as follows: central region þ/-35.5% (170), -/þ 10.4% (50), -/-32.8% (157), þ/-21.3 % (102) and in the south þ/þ 51.2% (63), -/þ 13% (16), -/-5.7% (7), þ/-30% (37) ( Table 3) .
Discussion
In all municipalities of Goias, the frequency of the GSTT1 null genotype was 38.2%, and of the GSTM1 null genotype 50.3%. In the Northeast of India, some authors (Thoudam et al., 2010 ) demonstrated a frequency of 32.7% for null GSTT1 and 41.9% for the null GSTM1 genotype. Klautau-Guimarães et al. (2005) evaluated 120 individuals, distributed in two Amerindian tribes of Brazil, the Munduruku tribe of the village of Missão Cururu, and the tribe of Kayabi. The frequency was 27% for null GSTT1 and 0% for null GSTM1 in Munduruku samples. In the Kayabi tribe, those authors detected frequencies of 29% for GSTT1 and 27% for GSTM1 null genotypes. Hiragi et al. (2007) analyzed 91 samples from the Federal District, Brazil, and 273 samples of Brazilian Quilombolas (African offspring) from the states of Bahia, Sergipe, and Goias. Those authors observed frequencies for GSTT1 null genotype in the Federal District of 22% for GSTM1 null genotype of 34% and GSTT1/M1 null genotypes of 11%. Chiurillo et al. (2013) analyzed 120 urban samples from a Venezuelan population and 188 Amerindian samples, showing a null GSTT1 genotype frequency of 11% and a null GSTM1 genotype of 51% in the urban population. The Amerindian samples were divided into five populations. They presented the following frequencies for the null GSTT1 and GSTM1 null genotypes, respectively: Bari with 11.4% and 54.3%, Panare with 6.5% and 15.2%, Pemon with 0% and 40%, Warao with 0% and 51.7% and Wayuu with 7.9% and 44.7%. Magno et al. (2009) found lower frequencies for null GSTM1 genotypes (33.2%) and the null GSTT1 genotype (30.2%) in 203 samples from the city of Ilheus, Bahia state, Brazil. Berthou et al. (2001) analyzed 174 samples from Santiago, Chile, and found frequencies for the GSTM1 null genotype of 24%. Rossini et al. (2002) observed frequencies of 42.1% of the GSTM1 null genotype and frequencies of 25.4% of the GSTT1 genotype in 591 individuals from the state of Rio de Janeiro. However, no significant differences were observed between the genotypes GSTT1 and GSTM1 concerning the population of Goias and the populations of Kalunga (Goias, Brazil), suggesting a genetic similarity between the communities (Table 4) .
We observed that the city of Goiania has a different distribution of GSTM1 and GSTT1 frequencies (p < 0.01) regarding all the Table 2 Absolute number and haplotype composition by Goi as state municipalities. Goiania and Goiania showed substantial differences in the distribution of the null GSTM1 genotype when compared to Rio de Janeiro (Table 6 ). The municipality of Goiania also differed from all other cities of this study (Aparecida de Goiania, Bela Vista de Goi as, Itapuranga, Montividiu, Silvania, Turvania). The high prevalence of GSTT1 and GSTM1 null genotypes in the municipality of Goiania may reflect a founder effect of non- representative colonizing ancestors. However, as other enzymes are part of the xenobiotic detoxification pathway (Nebert et al., 2004; Nebert and Russell, 2002; Norppa, 1997; Singh et al., 2011) , the ancestral population adapts to the environment with the frequencies observed in Goiania. However, as in the present day there is excessive use of pesticides, the community becomes susceptible to the harmful effects of exposure to such xenobiotics, probably due to the high frequencies of null genotypes. In this context, GSTT1 null and GSTM1 null genotypes, alone or in combination, should identify individuals with some detoxification capacity deficiency and, therefore, more likely to undergo carcinogen formation, DNA adducts, and mutations. Some authors (Strange et al., 2001) found the null GSTM1 associated with increased chromosomal aberrations in smokers. Wang et al., (2010) in a case-control study in the Han Chinese population, found a contribution of GSTT1 null and GSTM1 null for the development of respiratory bronchial dysplasia. Malik et al. (2017) also associated the null genotypes of GSTT1 and GSTM1 to the development of lung cancer. Tacca et al., 2019 observed that null GSTT1 and GSTM1 were not associated with the development of cervical cancer in smokers but GSTT1 null genotype was significantly associated with worse prognosis of this disease. In another study conducted in Brazil (Kubiszeski et al., 2015) , there was a higher prevalence of GSTT1 null with the onset of endometriosis. Singh et al., (2011) found higher values of DNA damage in workers with GSTT1 null exposed to organophosphates.
The central and south regions of Goias showed frequencies of 43.2% and 18.7% for GSTT1 null and 54% and 35.8% for GSTM1 null (Fig. 3A) . These regions together are responsible for the production of 18,356,659 tons of grain in the state of Goias, which comprises 80.46% of the state's total production (Instituto Mauro Borges, 2018). As Goias is the fourth-largest producer of grains and is also the fourth-largest user of pesticides (Instituto Mauro Borges, 2018), the null genotypes represent a risk to the population due to high agricultural production and the high handling of pesticides in the state. The mean population age (37 AE 13.2) may represent the basal exposure to pesticides of the people of Goias. However, another important fact is the number of grains produced by the state; 22,814,803 tons (Instituto Mauro Borges, 2018) can be representative of the number of rural workers (95,745 by 2017) (Instituto Mauro Borges, 2018). For those who have direct contact with the pesticide, the null genotypes represent an even higher risk. In this case, the south region is the most representative region for grain production (17,572,323 tons) (Fig. 3B) .
Exposure to pesticides can produce abnormal amounts of free radicals, leading to overproduction of oxidants or an inadequate supply of antioxidants (Corsini et al., 2013) . In this context, occupational exposure to pesticides increases DNA damage, as Franco et al. (2016) noted in their study of public state agents who handle pesticides to combat the mosquito Aedes aegypti, which is responsible for the transmission of arboviruses. Those authors observed that recently intoxicated agents had an increased frequency of translocation between chromosomes 14 and 18. In addition, Roulland et al. (2004) concluded that the BCL2-IGH translocation (14:18) is linked to non-Hodgkin's lymphoma, since it may be a measure of instability caused by the genotoxic effect of the pesticide in a relevant lymphomagenesis. Ventura et al. (2019) demonstrated that 100-day exposure to chlorpyrifos promoted the development of mammary tumors in addition to relieving a hypo-expression of stromal cell receptors.
Table 3
Frequency of genotypes GST T1 and GST M1 in the south and central regions of Goias state.
Region Genotype .test referred to the GSTM1 polymorphism distribution. 
A.A. Alves et al. Heliyon 5 (2019) e02815 Therefore, risk factors for a variety of diseases, such as smoking, sun exposure, obesity, alcohol consumption, and lack of physical activity, in addition to pesticide exposure, have all gained widespread repercussions due to their impact on public health (Khayat et al., 2013; Donkor et al., 2016; Godoy et al., 2019) . Ingestion of contaminated water and food is a significant source of human exposure to pesticide residues in the general population (Sharma et al., 2010; Donkor et al., 2016) , although occupational and para-occupational exposures are the most worrying Godoy et al., 2019) .
Neurological, reproductive, and developmental disorders have already been associated with occupational exposure to pesticides; however, the most recognized factor is the risk of developing specific cancers (Blair and Freeman, 2009; Bolognesi et al., 2011; Stojanovic et al., 2018; Zeng et al., 2017) . It has also become essential to determine if people living in areas of high agricultural intensity where pesticides are widely used show a higher prevalence and risk of cancer and, ultimately, to elucidate the mechanisms by which these environmental contaminants relate to the emergence of disease (Alavanja et al., 2013; Parr on et al., 2014) . Additionally, along with daily pesticide exposures, people living in areas of intense agricultural activity may interact with other products to which the general population is exposed, such as pollution, dyes, preservatives, and various products that, for example, can affect the immune system, where malfunction leads to the susceptibility of multiple diseases. Genetic factors, such as the presence of polymorphisms capable of increasing the risk of cancer, should be added to the relevant aspects. In general, the increasing trend in cancer incidence in recent years can be attributed not only to aging but also to the spread of carcinogenic agents that lead to daily exposure. This makes it very important to study the factors related to the risks to which different populations are exposed (Tebourbi et al., 2011) .
In Goias, the use of pesticides has grown considerably, with 43,466 kg consumed in 2017 alone (IBAMA, 2019) . In this context, knowing the critical role of GST enzymes for detoxification pathways and that haplotypes with null alleles are of high risk for the population, this use reached 61% of the Goias population. Finally, our results indicated that it is essential to know the frequencies of the GSTT1 and GSTM1 genes for the monitoring of risk groups; for example, farmers who have contact with pesticides directly or indirectly, as well as assisting in the development of preventive medicine practices.
Conclusions
The use of glyphosate, 2,4-D, acephate, and other pesticides totaling 43,663 tons is related to the high agricultural productivity of Goias, leaving Goias in four places in underreporting numbers of intoxication in Brazil. However, with the new Brazilian government authorizing the use of banned pesticides worldwide, this situation may increase the number of poisonings, especially in Brazilian regions involved with agriculture.
With the high frequency of null genotypes in the south and central regions of Goias, and also with these regions being the first and third in the ranking of grain production respectively, it is of great importance that the government take measures to prevent cases of intoxication, given the risk that the null GSTT1 and GSTM1 genotypes offer for people exposed to pesticides.
In this context, GSTT1 and GSTM1 genotypes may be essential biomarkers of susceptibility to poisoning, mainly in populations with pesticide contact, due to the role of GST enzymes. However, it is necessary to associate GSTT1 and GSTM1 genotyping with other biomarkers such as comet assay, micronucleus test, oxidative stress enzyme measurements, for confirmation, quantification of biological damage and better elucidation of a given natural process.
This study presented a combined frequency (haplotypes) of GSTT1 and GSTM1 genes in Central Brazil. Future studies to monitor the toxicity of occupationally exposed workers and planting areas in which pesticides are used, as well as non-target animals, are necessary to verify human and environmental health, against the use of pesticides in this Brazilian region, which is characterized by intense agricultural activity.
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